Green fluorescent protein (GFP) has been widely used as a live reporter gene in cells both in vitro and in vivo (1, 4, (8) (9) (10) (12) (13) (14) . Herpes simplex virus type-1 (HSV-1) amplicon vector has been used for gene transfer into tumor and normal quiescent neural cells in vivo and successful gene expression has been achieved (2, 3, (5) (6) (7) 11, 15) . However, we and others have attempted but failed to directly observe GFP gene expression after direct injection of GFP amplicon viral vector supernatant into rat brain. Therefore, we used an anti-GFP immunohistochemical technique to identify positive GFP expression cells in paraformaldehyde-fixed brain tissue (unpublished data).
We report here a method to directly observe GFP expression in unfixed, human melanoma tumor xenografts injected subcutaneously into athymic nude mice. We used our novel chimeric HSV/EBV amplicon vector (pHE700) to carry a humanized GFP gene (16) . The pHE700 vector contains a replication origin (oriS) and a packaging signal from HSV-1 so that the vector can replicate and be packaged into HSV-1 with the help of the replication-defective HSV-1 (Cgal ∆ 3, in this experiment). The vector also contains a latent replication origin (oriP) and an Epstein-Barr virus nuclear antigen 1 (EBNA-1) element from Epstein-Barr virus (EBV) so that the vector can be maintained as an episomal form in the transduced cells. The vector retains HSV-1 neurotropism and a wide range of host cell infectivity (16) . The GFP gene was inserted into the multiple cloning site of pHE700 driven by a human cytomegalovirus immediate-early promoter (CMV) to make a pHE700-GFP vector. The amplicon was packaged in a rolling-cycle replication model so that the packaged pHE700-GFP viral vector contains about 13 copies of the GFP gene. Multiple copies of the transgene in the amplicon vector make it suitable for high level transgene expression experiments.
The experiment was performed on 24 adult nude mice divided into 2 groups. A subcutaneous human tumor xenotransplant was generated by injecting 5 × 10 6 A375 human melanoma cells in 50 µ L into the anterior abdominal wall. When the tumor reached approximately 4 mm in diameter (usually within 5 days after injection), 100 µ L of pHE700-GFP vector stock solution (amplicon titer: 1 ×10 7 gfu/mL, gfu: green forming units) was injected (Day 1) into each tumor of 12 mice. Then, 100 µ L of Hanks' Balanced Salt Solution (HBSS) was injected into the control animals' tumors. All animals were cared for under an approved animal protocol using AAALAC guidelines.
On days 3, 7 and 14, four animals were euthanized with CO 2 after vector injection. Tumor samples were harvested immediately without fixation and frozen at -20°C. After serial cryostat sectioning, frozen sections (10-20 µ m thick) were mounted on glass slides and observed immediately under a fluorescent microscope and photographed. The sections were then fixed with 4% paraformaldehyde in 1 ×PBS (pH 7.2) for 10-30 min and were first processed for GFP immunohistochemistry and then with β -galactosidase ( β -gal) histochemistry to identify expression of LacZ gene of HSV-1, as previously described (16) .
For immunohistochemistry of GFP, the sections were incubated with 0.3% Triton ® X-100 in 1 × PBS for 30 min at room temperature, then blocked with 1% BSA and 10% normal goat serum in 1 × PBS for 1 h at room temperature. The sections were next incubated with anti-GFP primary antibody raised in rabbit (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at room temperature for 2 h and 4°C overnight, and secondary antibody raised in goat and conjugated with alkaline phosphatase (1:100, Sigma, St. Louis, MO, USA) at room temperature for 2 h. The third incubation was performed in BCIP/NBT substrate solution (Sigma) at room temperature for 5-10 min. Several washes with 1 × PBS were done at the intervals between and after incubations.
Two days after tumor injection of pHE700-GFP supernatant, GFP fluorescence was observed in multiple areas of the tumor ( Figure 1A ). On the same sections, the GFP fluorescence was confirmed by GFP immunoreactivity ( Figure 1B) , and β -gal (delivered by Cgal ∆ 3 helper virus) positive cells were found distributed in the same area as GFP fluorescence ( Figure 1B) . Six days after injection, GFP fluorescence, GFP immunoreactivity and β -gal positive staining were still observed but less than that noted on the samples two days after injection. Thirteen days after injection, no GFP gene and LacZgene expressions were observed. No sections of control tumor injected with HBSS demonstrated GFP fluorescence.
It has been established that the HSV-1 vector is suitable for infection of post-mitotic cells and especially for nerve cells because of its affinity for neurons (2) . In the present study, we observed GFP fluorescence in unfixed tumor tissue collected two and six days after vector injection into subcutaneous human xenograft tumors. This GFP expression was identified further with immunohistochemistry. We found GFP fluorescence was distributed more widely than GFP immunoreactivity. This indicates that fluorescent microscopy is more sensitive than immunohistochemistry in detecting GFP expression. Gene transfer into the xenotransplanted tumor model by our HSV-1/EBV amplicon vector was quite high (Reference 17 and S. Wang, unpublished data). In this investigation, we injected a total of 1 ×10 6 of pHE700-GFP amplicon vector into a tumor that was approximately 4 mm in diameter. Two days after injection, GFP expression was found in about 80% of the tumor sections. The number of the GFP positive cells increased from the edge of the tumor towards the center. Interestingly, we found that the sections had to be observed by fluorescent microscopy within approximately 5 min of sectioning at room temperature. After 5 min, no GFP fluorescence could be observed in the same section. In addition, the GFP fluorescence reappeared in the same section if it was frozen again to -20°C. After applying a coverslip with PBS as a mounting medium, we detected no GFP fluorescence. These data suggest that direct observation of GFP expression by fluorescent microscopy in unfixed tissue is simple and saves time, but the microscopy must be performed within 5 min after cryostat sectioning.
